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1
COMPRESSOR WITH TRAILING AND
LEADING EDGES OF OIL DISCHARGE
PASSAGE DISPLACED BEHIND TRAILING
AND LEADING EDGES OF OIL SUPPLY
HOLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. National stage application claims priority under
35 U.S.C. §119(a) to Japanese Patent Application No. 2013-
074085, filed in Japan on Mar. 29, 2013, the entire contents
of which are hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a compressor, and more
particularly relates to a compressor including a compression
mechanism and a drive shaft configured to drive the com-
pression mechanism and having an oil supply hole which is
opened through its outer peripheral surface to supply oil to
its own bearing surface, and an oil discharge passage for
discharging the oil.

BACKGROUND ART

A conventional compressor includes, in its casing, a
compression mechanism and a drive shaft for driving the
compression mechanism. The drive shaft has an oil supply
hole which is opened through its outer peripheral surface to
supply oil to its own bearing surface. An oil supply groove
communicating with the oil supply hole is arranged on the
outer peripheral surface of the drive shaft so as to extend
along the shaft (see, e.g., Japanese Unexamined Patent
Publication No. H9-228971). In the compressor of Japanese
Unexamined Patent Publication No. H9-228971, the oil
supply passage is formed inside the drive shaft and extends
in the axial direction. The oil accumulated in an oil reservoir
inside the casing is supplied from the oil supply passage to
the bearing surface through the oil supply hole and the oil
supply groove.

As illustrated in FIGS. 6A and 6B, in the compressor of
Japanese Unexamined Patent Publication No. H9-228971,
the oil supply passage (101) is formed through the middle of
the drive shaft (100) and extends in the axial direction. The
oil supply hole (102) connected to the oil supply passage
(101) is formed to extend perpendicularly to the oil supply
passage. An oil supply groove (103) is provided as a
recessed groove on an outer peripheral surface of the drive
shaft (100) and extends in the axial direction. This oil supply
groove (103) also serves as an oil discharge passage for
supplying oil to another bearing provided above the bearing
(105) shown in the drawing.

SUMMARY
Technical Problem

Here, if the oil supply groove (103) which also serves as
an oil discharge passage has an excessively broad width, the
amount of oil supplied to a sliding portion of the bearing
(105) increases. The oil supplied to the sliding portion of the
bearing (105) is discharged out of the casing together with
a working fluid (a refrigerant). However, if the amount of oil
supplied to the sliding portion increases, the amount of o0il
discharged out of the casing also increases. Accordingly, the
amount of oil in the casing easily decreases. To avoid such
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a situation, it is conceivable that the width of the oil
discharge passage (103) is narrowed.

However, for example, if the width of the oil discharge
passage (103) is made too much narrower than the oil supply
hole (102) as illustrated in FIG. 6C, a foreign substance
(106) such as a metal powder is accumulated in the oil
supply hole (102), and might be hardly discharged from the
oil discharge passage (103). Such a problem is likely to
occur, for example, particularly when the foreign substance
(106) formed in the sliding portion is larger than the clear-
ance of the bearing surface (a tin gap between the outer
peripheral surface of the drive shaft (100) and the inner
peripheral surface of the bearing (105)). Then, if the foreign
substance (106) is accumulated in the oil supply hole (102),
then the oil supply hole (102) could be clogged up with the
foreign substance (106). Alternatively, even if the foreign
substance (106) could be discharged to the oil discharge
passage (103) through the hole (102), most of the foreign
substance (106) would pass through only an upper end of the
oil supply hole (102). Consequently, the foreign substance
could eat into the inner peripheral surface of the bearing
(105), thus possibly causing some damage to the bearing
(105).

In view of the forgoing, it is therefore an object of the
present invention to reduce damage to be done to the bearing
by preventing such a foreign substance from being accumu-
lated in the oil supply hole of the drive shaft.

Solution to the Problem

A first aspect of the present invention is directed to a
compressor including a compression mechanism (30) and a
drive shaft (23) for driving the compression mechanism
(30), wherein the drive shaft (23) has an oil supply hole
(71a, 72a, 73a) which is opened through an outer peripheral
surface of the drive shaft (23) to supply oil to a bearing
surface of the drive shaft (23).

In this compressor, an oil discharge passage (71c, 72c¢,
73¢) communicating with the oil supply hole (71a, 72a, 73a)
is formed by a flat surface or a recessed surface at a portion
of the outer peripheral surface of the drive shaft (23), a
trailing edge (71Tc 727Tc, 73Tc) of the oil discharge passage
(71c, 72¢, 73¢) is displaced behind a trailing edge (717Ta,
72Ta, 73Ta) of the oil supply hole (71a, 72a, 73a) with
respect to a rotation direction of the drive shaft (23), and a
leading edge (71Lc, 72L.c, 73L.c) of the oil discharge passage
(71c, T2¢, 73c) is displaced behind a leading edge (71La,
72La, 73La) of the oil supply hole (71a, 72a, 73a) with
respect to a rotation direction of the drive shaft (23). The
respective trailing edges of the oil discharge passage (71c,
72¢, 73¢) and the oil supply hole (71a, 72a, 73a) are both
located with respect to the rotation direction of the drive
shaft (23). The respective leading edges of the oil discharge
passage (71c, 72¢, 73¢) and the oil supply hole (71a, 72a,
73a) are both located with respect to the rotation direction of
the drive shaft (23).

According to the first aspect of the present invention, the
oil discharge passage (71c, 72¢, 73c¢) is arranged behind the
oil supply hole (71a, 72a, 73a) with respect to the rotation
direction of the drive shaft (23). Thus, even if a foreign
substance such as a metal powder enters the oil supply hole
(71a, 72a, 73a), the foreign substance moves to the oil
discharge passage (71c, 72¢, 73¢), and is discharged out of
a bearing surface from the oil discharge passage (71c¢, 72c¢,
73c¢). In this case, the foreign substance is discharged from
the oil supply hole (71a, 72a, 73a) not only in the direction
in which the foreign substance moves from the oil discharge
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passage (71c, 72¢, 73¢) in the axial direction of the drive
shaft (23) but also in the direction in which the foreign
substance is going to pass through the clearance between the
bearing surfaces from the trailing edge of the oil discharge
passage (71¢, 72¢, 73¢) with respect to the rotation direction
to.

A second aspect of the present invention is an embodi-
ment of the first aspect of the present invention. In the
second aspect, the oil discharge passage (71c¢, 72¢, 73c¢) is
formed to have a width less than or equal to a diameter of
the oil supply hole (71a, 724, 73a).

According to the second aspect of the present invention,
a foreign substance is also discharged outside from the oil
supply hole (71a, 72a, 73a) and the oil discharge passage
(71¢, 72¢, 73¢) as in the first aspect of the present invention.

A third aspect of the present invention is an embodiment
of the first or second aspect of the present invention. In the
third aspect, the oil discharge (71¢, 72¢, 73¢) includes a first
end portion located closer to the oil supply hole (71a, 72a,
73a) and a second end portion which is located opposite to
the first end portion and from which oil is discharged. A line
segment connecting the first and second end portions
together is parallel to the axial direction of the drive shaft
(23).

A fourth aspect of the present invention is an embodiment
of the first or second aspect of the present invention. In the
fourth aspect, the oil discharge passage (71c, 72¢, 73¢)
includes a first end portion located closer to the oil supply
hole (71a, 72a, 73a) and a second end portion which is
located opposite to the first end portion and from which oil
is discharged. The oil discharge passage (71c, 72¢, 73¢) is
tilted with respect to the axial direction of the drive shaft
(23) and the second end portion is located behind the first
end portion with respect to the rotation direction of the drive
shaft (23).

According to the third and fourth aspects of the present
invention, oil in the oil supply hole (71a, 72a, 73a) is
discharged from the bearing surface through the oil dis-
charge passage (71c¢, 72¢, 73¢). A foreign substance such as
a metal powder could enter the oil supply hole (71a, 72a,
73a) or the oil discharge passage (71c¢, 72¢, 73¢). According
to these aspects of the present invention, however, the
foreign substance is easily discharged from the oil discharge
passage (71c, 72¢, 73c).

A fifth aspect of the present invention is an embodiment
of the third or fourth aspect of the present invention. In the
fifth aspect, the first end portion of the oil discharge passage
(71¢, 72¢, 73¢), which is located closer to the oil supply hole
(71a, 72a, 73a), extends beyond the oil supply hole (71a,
72a, 73a) in the opposite direction that goes away from the
second end portion from which the oil is discharged.

According to the fifth aspect of the present invention, the
trailing edge of the oil discharge passage (71c, 72¢, 73¢)
with respect to the rotation direction comes to have an
increased length. Accordingly, a foreign substance is dis-
charged more easily from the trailing edge in such a direc-
tion as passing through the clearance between the bearing
surfaces.

A sixth aspect of the present invention is an embodiment
of any one of the first to fifth aspects of the present
invention. In the sixth aspect, the drive shaft (23) is provided
with a chamfered portion (715, 725, 73b6) gradually expand-
ing from an opening edge of the oil supply hole (71a, 72a,
73a).

According to the sixth aspect of the present invention,
such a chamfered portion (715, 725, 73b) is provided for the

25

30

40

45

55

65

4

opening edge of the oil supply hole (71a, 724, 73a). Accord-
ingly, a foreign substance is hardly accumulated in the oil
supply hole (71a, 72a, 73a).

A seventh aspect of the present invention is an embodi-
ment of the sixth aspect of the present invention. In the
seventh aspect, the trailing edge of the discharge passage
(7T1c, T2¢, 73¢) is displaced behind a trailing edge of the
chamfered portion (715, 72b, 73b) with respect to the
rotation direction of the drive shaft (23). The respective
edges of the oil discharge passage (71¢, 72¢, 73¢) and the
chamfered portion (714, 72b, 73b) are both located with
respect to the rotation direction of the drive shaft (23).

According to the seventh aspect of the present invention,
even if a foreign substance such as a metal powder enters the
oil supply hole (71a, 72a, 73a), the foreign substance is
easily discharged from the chamfered portion (7156, 725,
73b) through the oil discharge passage (71¢, 72¢, 73c¢).

An eighth aspect of the present invention is an embodi-
ment of any one of the first to seventh aspects of the present
invention. In the eighth aspect, the drive shaft (23) is a shaft
extending vertically. The drive shaft (23) includes: a main
shaft portion (24) located in the middle of the drive shaft
(23); an eccentric portion (25) located over the main shaft
portion (24), coupled to the compression mechanism (30),
and having a smaller diameter than the main shaft portion
(24); and a lower main shaft portion (26) located under the
main shaft portion (24). The oil supply hole (71a, 724, 73a)
includes a first oil supply hole (71a) formed in the eccentric
portion (25). The oil discharge passage (71c, 72¢, 73¢)
includes a first oil discharge passage (71¢) extending upward
from the first oil supply hole (71a) and having an open end
portion.

A ninth aspect of the present invention is an embodiment
of any one of the first to seventh aspects of the present
invention. In the ninth aspect, the drive shaft (23) is a shaft
extending vertically. The drive shaft (23) includes: a main
shaft portion (24) located in the middle of the drive shaft
(23); an eccentric portion (25) located over the main shaft
portion (24), coupled to the compression mechanism (30),
and having a smaller diameter than that of the main shaft
portion (24); and a lower main shaft portion (26) located
under the main shaft portion (24). The oil supply hole (71a,
72a, 73a) includes a second oil supply hole (72a) formed in
the main shaft portion (24). The oil discharge passage (71c,
72¢, 73¢) includes a second oil discharge passage (72¢)
extending upward from the second oil supply hole (72a) and
having an open end portion.

A tenth aspect of the present invention is an embodiment
of any one of the first to seventh aspects of the present
invention. In the tenth aspect, the drive shaft (23) is a shaft
extending vertically. The drive shaft (23) includes: a main
shaft portion (24) located in the middle of the drive shaft
(23); an eccentric portion (25) located over the main shaft
portion (24), coupled to the compression mechanism (30),
and having a smaller diameter than the main shaft portion
(24); and a lower main shaft portion (26) located under the
main shaft portion (24). The oil supply hole (71a, 724, 73a)
includes a third oil supply hole (73a) formed in the lower
main shaft portion (26). The oil discharge passage (71c¢, 72c¢,
73c¢) includes a third oil discharge passage (73¢) extending
downward from the third oil supply hole (73a) and having
an open end portion.

According to the eighth to tenth aspects of the present
invention, in each of the eccentric portion (25), main shaft
portion (24), and lower main shaft portion (26) of the drive
shaft (23), oil is discharged more easily from the oil supply
hole (71a, 72a, 73a) through the oil discharge passage (71c¢,
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72¢, 73¢). Accordingly, even if a foreign substance such as
a metal powder enters the oil supply hole (71a, 72a, 73a),
the foreign substance is easily discharged.

In the ninth and tenth aspects of the present invention, the
first oil supply hole (71a) of the eccentric portion (25) may
be omitted.

Advantages of the Invention

According to the first and second aspects of the present
invention, the oil discharge passage (71c¢, 72¢, 73¢) is
arranged behind the oil supply hole (71a, 72a, 73a) with
respect to the rotation direction of the drive shaft (23).
Accordingly, even if a foreign substance such as a metal
powder enters the oil supply hole (71a, 72a, 73a), the
foreign substance is discharged out of the bearing surface
from the oil discharge passage (71c¢, 72¢, 73¢). Conse-
quently, the foreign substance is hardly accumulated in the
oil supply hole (71a, 72a, 73a), and thus damage to be done
to the bearing is reduced.

According to the third and fourth aspects of the present
invention, even if a foreign substance such as a metal
powder enters the oil discharge passage (71c¢, 72¢, 73¢), the
foreign substance is easily discharged and prevented from
being left on the bearing surface. In particular, according to
the fourth aspect of the present invention, the oil discharge
passage (71c, 72¢, 73c¢) is tilted so that the foreign substance
is hardly left. As a result, the damage to be done to the
bearing surface is more reliably reduced.

According to the fifth aspect of the present invention, the
trailing edge of the oil discharge passage (71c, 72¢, 73¢)
with respect to the rotation direction has its length increased
so much that the foreign substance is easily discharged from
the trailing edge through the clearance between the bearing
surfaces. Consequently, the damage to be done to the bearing
surface is more reliably reduced.

According to the sixth aspect of the present invention, the
chamfered portion (716, 72b, 73b) is provided for the
opening edge of the oil supply hole (71a, 72a, 73a) so that
a foreign substance is hardly accumulated in the oil supply
hole (71a, 72a, 73a). Accordingly, the damage to be done to
the bearing is more reliably reduced.

According to the seventh aspect of the present invention,
even if a foreign substance such as a metal powder enters the
oil supply hole (71a, 72a, 73a), the foreign substance is
easily discharged from the chamfered portion (714, 724,
73b) through the oil discharge passage (71¢, 72¢, 73¢).
Accordingly, the damage to be done to the bearing is more
reliably reduced.

According to the eighth to tenth aspects of the present
invention, in each of the eccentric portion (25), main shaft
portion (24), and lower main shaft portion (26) of the drive
shaft (23), a foreign substance and other substances are
easily discharged together with oil. Accordingly, the damage
to be done to the bearing by the foreign substance is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view of a scroll com-
pressor according to an embodiment.

FIG. 2A is an enlarged perspective view of an eccentric
portion. FIG. 2B is a plan view of the eccentric portion. FIG.
2C is a cross-sectional view taken along the plane C-C in
FIG. 2B. FIG. 2D is an enlarged view of an upper end
portion of the eccentric portion.

FIG. 3A is a cross-sectional view showing an example in
which a first oil discharge passage is configured as a flat
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surface. FIG. 3B is a cross-sectional view showing an
example in which a first oil discharge passage is configured
as a curved, recessed surface. FIG. 3C is a cross-sectional
view showing an example in which a first oil discharge
passage is configured as a bent, recessed surface. FIG. 3D is
a cross-sectional view showing an example in which a first
oil discharge passage is configured as a recessed groove.

FIG. 4 is an enlarged perspective view of a lower main
shaft portion.

FIG. 5A is a perspective view showing a variation in
which an oil supply hole with no chamfered portion is
provided. FIGS. 5B, 5C, and 5D are perspective views each
showing a variation of the oil discharge passage.

FIG. 6A is a perspective view showing an oil supply hole
and an oil discharge passage according to a prior art
example. FIG. 6B is a longitudinal sectional view thereof.
FIG. 6C is a front view showing an oil discharge passage
having a narrower width according to a prior art example.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described in
detail with reference to the drawings.

The following are embodiments of the present invention.

FIG. 1 is a longitudinal sectional view illustrating a
configuration of a scroll compressor according to an
embodiment of the present invention. The scroll compressor
(10) may be connected to a refrigerant circuit inch performs
a refrigeration cycle of a vapor compression type in an air
conditioning system, for example. The scroll compressor
(10) includes a casing (11), a rotary compression mechanism
(30), and a drive mechanism (20) for driving the compres-
sion mechanism (30) in rotation.

The casing (11) is configured as a vertically elongated
cylindrical sealed container with closed ends, and includes
a cylindrical body (12), an upper end plate (13) fixed to the
upper end of the body (12), and a lower end plate (14) fixed
to the lower end of the body (12).

The inside of the casing (11) is divided into upper and
lower spaces by a housing (50) joined to the inner peripheral
surface of the casing (11). The space over the housing (50)
constitutes an upper space (15), and the space under the
housing (50) constitutes a lower space (16). The configura-
tion of this housing (50) will be described in detail later.

An oil reservoir portion (17) configured to store lubricat-
ing oil for lubricating a sliding part of the scroll compressor
(10) is provided at the bottom of the lower space (16) in the
casing (11).

The casing (11) is provided with a suction pipe (18) and
a discharge pipe (19). One end of the suction pipe (18) is
connected to a suction pipe fitting (47). The discharge pipe
(19) runs through the body (12). An end of the discharge
pipe (19) is opened in the lower space (16) of the casing (11).

The drive mechanism (20) includes a motor (21) and a
drive shaft (23). The motor (21) is housed in the lower space
(16) of the casing (11). The motor (21) includes a cylindrical
stator (21a) and a cylindrical rotor (215). The stator (21a) is
fixed to the body (12) of the casing (11). The rotor (215) is
disposed in a hollow portion of the stator (21a). In a hollow
portion of the rotor (215), the drive shaft (23) is fixed to run
through the rotor (215) such that the rotor (2156) and the
drive shaft (23) rotate together.

The drive shaft (23) includes a main shaft portion (24)
extending vertically and an eccentric portion (25) located
over the main shaft portion (24). The main shaft portion (24)
and the eccentric portion (25) form integral parts of the drive
shaft (23). The eccentric portion (25) has a diameter smaller
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than the maximum diameter of the main shaft portion (24).
The shaft center of the eccentric portion (25) is eccentric to
the shaft center of the main shaft portion (24) by a prede-
termined distance. The lower end (a lower main shaft
portion (26)) of the main shaft portion (24) in the drive shaft
(23) is rotatably supported by a lower bearing part (28) fixed
to a portion of the casing (11) near the lower end of the body
(12). The upper end of the main shaft portion (24) is
rotatably supported by a bearing part (53) of the housing
(50). Inside the drive shaft (23), formed is an oil supply
passage (27) extending in the axial direction.

At the lower end of the drive shaft (23), provided is a
suction nozzle (61) which serves as a suction member for
sucking oil. The suction nozzle (61) functions as a positive
displacement pump. An inlet (61a) of the suction nozzle (61)
is opened in the oil reservoir portion (17) of the casing (11).
An outlet of the suction nozzle (61) is connected to the oil
supply passage (27) of the drive shaft (23) so as to com-
municate with the passage (27). The oil sucked from the oil
reservoir portion (17) by the suction nozzle (61) flows
through the oil supply passage (27) and is supplied to a
sliding portion of the scroll compressor (10).

The compression mechanism (30) is a so-called “scroll
type” compression mechanism including an orbiting scroll
(35), a fixed scroll (40), and a housing (50). The housing
(50) and the fixed scroll (40) are bolted together, and the
orbiting scroll (35) is housed between them (50, 40).

The orbiting scroll (35) includes a substantially disk-
shaped movable end plate (36). A movable lap (37) stands on
the upper surface of the movable end plate (36). The
movable lap (37) is a spiral-shaped wall extending radially
outward from a position near the center of the movable end
plate (36). A boss (a bearing part) (38) projects from the
lower surface of the movable end plate (36).

The fixed scroll (40) includes a substantially disk-shaped
fixed end plate (41). A fixed lap (42) stands on the lower
surface of the fixed end plate (41). The fixed lap (42) is a
spiral-shaped wall extending radially outward from a posi-
tion near the center of the fixed end plate (41), and is
engaged with the movable lap (37) of the orbiting scroll
(35). A compression chamber (31) is formed between the
fixed lap (42) and the movable lap (37).

The fixed scroll (40) includes an outer edge (43) continu-
ously extending radially outward from the outermost wall of
the fixed lap (42). The lower end surface of the outer edge
(43) is fixed to the upper end surface of the housing (50).
The outer edge (43) has an opening (44) that is opened
upward. A suction port (34) allowing the inside of the
opening (44) and the outermost end of the compression
chamber (31) to communicate with each other is formed in
the outer edge (43). The suction port (34) is opened at the
suction position of the compression chamber (31). The
opening (44) of the outer edge (43) is connected to the
above-described suction pipe fitting (47).

In the fixed end plate (41) of the fixed scroll (40), a
discharge port (32) is provided near the center of the fixed
lap (42) to vertically run through the fixed end plate (41).
The lower end of the discharge port (32) is opened at the
discharge position of the compression chamber (31). The
upper end of the discharge port (32) is opened in a discharge
chamber (46) defined in an upper portion of the fixed scroll
(40). Although not shown, the discharge chamber (46)
communicates with the lower space (16) of the casing (11).

The housing (50) has a substantially cylindrical shape.
The outer peripheral surface of the housing (50) is shaped so
that its upper portion has a larger diameter than its lower
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portion. The upper portion of this outer peripheral surface is
fixed to the inner peripheral surface of the casing (11).

The drive shaft (23) is inserted in the hollow portion of the
housing (50). This hollow portion is also shaped so that its
upper portion has a larger diameter than its lower portion.
The bearing part (53) is provided in the lower portion of the
hollow portion. This bearing part (53) rotatably supports the
upper end of the main shaft portion (24) of the drive shaft
(23). The upper portion of the hollow portion is partitioned
by a seal member (55) so as to define a back pressure space
(54). The back pressure space (54) faces the back surface of
the orbiting scroll (35). The seal member (55) is fitted
between the upper surface of the housing (50) and the back
surface of the orbiting scroll (35). The boss (38) of the
orbiting scroll (35) is located in the back pressure space (54).
The boss (38) is engaged with the eccentric portion (25) of
the drive shaft (23) projecting from the upper end of the
bearing part (53), and the compression mechanism (20) is
driven in rotation by the drive shaft (23).

A first lubrication portion (71) is formed in the eccentric
portion (25). As illustrated in FIG. 2, the first lubrication
portion (71) is comprised of a first oil supply hole (71a), a
first chamfered portion (715), and a first oil discharge
passage (71c¢).

Specifically, the first oil supply hole (71a) communicating
with the oil supply passage (27) of the drive shaft (23) is
opened through an outer peripheral surface of the eccentric
portion (25). Oil is supplied from the first oil supply hole
(71a) to a tiny gap between a first sliding bearing (29q) to
be described later and the eccentric portion (25). The oil
supplied to the gap flows into the back pressure space (54)
as well. Accordingly, the back pressure space (54) comes to
have as high pressure as the lower space (16) of the casing
(11). Then, the pressure in the back pressure space (54) is
applied to the back surface of the orbiting scroll (35) to press
the orbiting scroll (35) against the fixed scroll (40).

The first sliding bearing (294a) that rotatably supports the
eccentric portion (25) of the drive shaft (23) is fitted into the
boss (38). The first oil supply hole (71a) is configured to
supply oil to the bearing surface between the eccentric
portion (25) of the drive shaft (23) and the first sliding
bearing (29a).

FIG. 2A is an enlarged perspective view of the eccentric
portion (25). FIG. 2B is a plan view of the eccentric portion
(25). FIG. 2C is an enlarged cross-sectional view taken
along the plane C-C in FIG. 2B. FIG. 2D is an enlarged view
of an upper end portion of the eccentric portion (25). As
illustrated in these drawings, the first chamfered portion
(71b) gradually expanding from an opening edge of the first
oil supply hole (71a) is formed on the eccentric portion (25)
of the drive shaft (23). The arrow drawn along the edge of
the shaft in FIG. 2A indicates the rotation direction of the
drive shaft (23).

In the eccentric portion (25) of the drive shaft (23), the
first oil discharge passage (71¢) communicating with the
first oil supply hole (71a) is formed by a flat surface or a
recessed surface at a portion of the outer peripheral surface
of the drive shaft (23) into. The first oil discharge passage
(71c¢) extends upward from the first oil supply hole (71a),
and has an end portion that is opened to a space wider than
the first oil discharge passage (71c¢). The first oil discharge
passage (71c¢) is formed to have a width that is less than or
equal to the diameter of the first oil supply hole (71a). In this
embodiment, the first chamfered portion (715) also forms
part of the first oil supply hole (71a), and thus the width is
also less than or equal to the maximum external dimension
of the first chamfered portion (715). A trailing edge of the
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first oil discharge passage (71c¢) is displaced behind a trailing
edge of the first chamfered portion (715) with respect to the
rotation direction of the drive shaft (23). The respective
trailing edges of the oil discharge passage (71¢) and the first
chamfered portion (715) are both located with respect to the
rotation direction of the drive shaft (23). The first oil
discharge passage) is formed such that a line segment (a
center line) connecting together an end portion (a first end
portion) located closer to the first oil supply hole (71a) and
an end portion (a second end portion located opposite to the
first end portion) from which oil is discharged is parallel to
the axial direction of the drive shaft (23).

In the first oil discharge passage (71c¢), the first end
portion located closer to the first oil supply hole (71a)
extends beyond the first oil supply hole (71a) in the opposite
direction that goes away from the second end portion, from
which oil is discharged. The first oil discharge passage (71¢)
does not have to have a flat surface. FIG. 3A illustrates an
example in which the first oil discharge passage (71c¢) is
configured as a flat surface. Alternatively, the first oil dis-
charge passage (71¢) may also be configured as a curved,
recessed surface as illustrated in FIG. 3B. Still alternatively,
the first oil discharge passage (71¢) may also be configured
as a bent, recessed surface as illustrated in FIG. 3C. Still
further alternatively, the first oil discharge passage (71c¢)
may also be configured as a recessed groove as illustrated in
FIG. 3D.

Also, in FIG. 2, a second lubrication portion (72) and a
third lubrication portion (73) to be described later are shown
by the reference numerals in parentheses.

A second sliding bearing (295) that rotatably supports the
main shaft portion (24) of the drive shaft (23) is fitted into
the bearing part (53). In the main shaft portion (24), the
second lubrication portion (72) is formed. The second lubri-
cation portion (72) is comprised of a second oil supply hole
(72a), a second chamfered portion (725), and a second oil
discharge passage (72c¢).

Specifically, the second oil supply hole (72a) that is
opened through the outer peripheral surface of the main
shaft portion (24) of the drive shaft (23) is cut through the
drive shaft (23) so as to supply oil to the bearing surface
between the main shaft portion (24) of the drive shaft (23)
and the second sliding bearing (294). In the main shaft
portion (24), formed are the second chamfered portion (7256)
gradually expanding from an opening edge of the second oil
supply hole (72a), and the second oil discharge passage
(72¢) communicating with the second chamfered portion
(72b) through an edge thereof vertically downward on the
paper such that the width of the passage (72¢) is at most
equal to the maximum external dimension of the second
chamfered portion (725). The second oil discharge passage
(72¢) extends upward from the second oil supply hole (72a),
and has an end portion that is opened to a space wider than
the second oil discharge passage (72¢). The second cham-
fered portion (726) and the second oil discharge passage
(72¢) have substantially the same configurations as the first
chamfered portion (715) and the first oil discharge passage
(71c¢) provided for the eccentric portion (23).

A third sliding bearing (29c¢) that rotatably supports the
lower main shaft portion (26) of the drive shaft (23) is fitted
into the lower bearing part (28). In the lower main shaft
portion (26), the third lubrication portion (73) is formed. As
illustrated in FIG. 4, the third lubrication portion (73) is
comprised of a third oil supply hole (73a), a third chamfered
portion (73b), and a third oil discharge passage (73¢). The
arrow in FIG. 4 indicates the rotation direction of the lower
main shaft portion (26). Although these elements (73a, 735,
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73c¢) of the third lubrication portion (73) are arranged by
turning the associated elements of the first lubrication por-
tion (71) and the second lubrication portion (72) upside
down, they are also shown in FIG. 2 for reference by the
reference numerals in parentheses.

Specifically, the third oil supply hole (73a) that is opened
through an outer peripheral surface of the lower main shaft
portion (26) of the drive shaft (23) is cut through the drive
shaft (23) so as to supply oil to the bearing surface between
the lower main shaft portion (26) of the drive shaft (23) and
the third sliding bearing (29¢). In the lower main shaft
portion (26), formed are the third chamfered portion (7356)
gradually expanding from an opening edge of the third oil
supply hole (73a), and the third oil discharge passage (73¢)
communicating with the third chamfered portion (7364)
through an edge thereof vertically downward on the paper
such that the width of the passage (73¢) is at most equal to
the maximum external dimension of the third chamfered
portion (735). The third oil discharge passage (73¢) extends
downward from the third oil supply hole (73a), and has an
end portion that is opened to a space wider than the third oil
discharge passage (73¢). The third chamfered portion (7356)
and the third oil discharge passage (73¢) have substantially
the same configurations as those of the first and second
chamfered portions (7154, 72b) and the first and second oil
discharge passages (71¢, 72¢) provided for the eccentric
portion (23) and the main shaft portion (24). Thus, a trailing
edge (71Tc, 72Tc, 73Tc) of the oil discharge passage (71c,
72¢, 73c¢) is displaced behind a trailing edge (71Ta, 72Ta,
73Ta) of the oil supply hole (71a, 72a, 73a) with respect to
a rotation direction of the drive shaft (23), and a leading edge
(71Lc, 72Lc, 731c) of the oil discharge passage (71c, 72c,
73c) is displaced behind a leading edge (71La, 72La, 73La)
of the oil supply hole (71a, 72a, 73a) with respect to a
rotation direction of the drive shaft (23). The respective
trailing edges of the oil discharge passage (71¢, 72¢, 73¢)
and the oil supply hole (71a, 72a, 73a) are both located with
respect to the rotation direction of the drive shaft (23). The
respective leading edges of the oil discharge passage (71c,
72¢, 73¢) and the oil supply hole (71a, 72a, 73a) are both
located with respect to the rotation direction of the drive
shaft (23).

—Operation—

Next, operation of the above-described scroll compressor
(10) will be described. When the motor (21) of the scroll
compressor (10) is powered on, the rotor (215) and the drive
shaft (23) start to rotate. Then, the orbiting scroll (35) starts
to revolve. As the orbiting scroll (35) revolves, the volume
of the compression chamber (31) increases and decreases
periodically and alternately.

Specifically, when the drive shaft (23) rotates, a refriger-
ant is sucked from the suction port (34) into the compression
chamber (31). Then, as the drive shaft (23) rotates, the
compression chamber (31) is completely closed. As the
drive shaft (23) further rotates, the volume of the compres-
sion chamber (31) starts decreasing, thus starting compress-
ing the refrigerant in the compression chamber (31).

Thereafter, the volume of the compression chamber (31)
further decreases. When the volume of the compression
chamber (31) decreases to a predetermined volume, the
discharge port (32) opens. The refrigerant compressed in the
compression chamber (31) is discharged to the discharge
chamber (46) of the fixed scroll (40) through the discharge
port (32). The refrigerant in the discharge chamber (46) is
discharged from the discharge pipe (19) through the lower
space (16) of the casing (11). As described above, the lower
space (16) communicates with the back pressure space (54),
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and the pressure of the refrigerant in the back pressure space
(54) causes the orbiting scroll (35) to be pressed against the
fixed scroll (40).

Next, the oil supply operation of the scroll compressor
(10) will be described. When the compression mechanism
(30) starts, oil in the oil reservoir portion (17) is sucked from
the inlet (61a) of the suction nozzle (60) by positive dis-
placement pump action. The oil sucked from the suction
nozzle (60) flows through the oil supply passage (27) of the
drive shaft (23), and is supplied to sliding portions such as
thrust sliding surfaces between the orbiting scroll (35) and
the fixed scroll (40), sliding surfaces between the first sliding
bearing (294) of the boss (38) and the eccentric portion (25),
sliding surfaces between the second sliding bearing (2956) of
the bearing part (53) of the housing (50) and the main shaft
portion (24), and sliding surfaces between the third sliding
bearing (29¢) of the lower bearing part (28) and the lower
main shaft portion (26).

In each of these sliding portions (the bearing surfaces), oil
is discharged out of the sliding portion from the oil supply
hole (71a, 72a, 73a) through the chamfered portion (715,
72b, 73b) and the oil discharge passage (71c, 72¢, 73¢)
discharged oil is collected in the oil reservoir portion (17).

Advantages of Embodiments

According to this embodiment, the oil discharge passage
(71c¢, 72¢, 73c) is arranged behind the oil supply hole (714,
72a, 73a) with respect to the rotation direction of the drive
shaft (23). Thus, even if a foreign substance such as a metal
powder enters the oil supply hole (71a, 72a, 73a), the
foreign substance moves to the oil discharge passage (71c,
72¢, 73¢), and is discharged out of the bearing surface from
the oil discharge passage (71¢, 72¢, 73¢).

In this case, the foreign substance is discharged not only
in the direction in which it moves from the oil discharge
passage (71c, 72¢, 73¢) in the axial direction of the drive
shaft (23) but also in the direction in which it is going to pass
through the clearance between the oil discharge passage
(71¢, 72¢, 73¢) and the bearing (29a, 295, 29¢) from the
trailing edge of the oil discharge passage (71c, 72¢, 73¢)
with respect to the rotation direction. Consequently, the
foreign substance is hardly accumulated in the oil supply
hole (71a, 72a, 73a), and thus damage to be done to the
bearing (294, 295, 29¢) is reduced.

In addition, the end portion (the second end portion) of the
oil discharge passage (71¢, 72¢, 73¢) is opened to the space
wider than the oil discharge passage (71¢, 72¢, 73¢). Accord-
ingly, the oil is discharged more easily from the oil supply
hole (71a, 72a, 73a) through the oil discharge passage (71c,
72¢, 73¢), and thus a foreign substance and other substances
are discharged more easily, too.

Furthermore, the chamfered portion (715, 725, 73b) is
provided for the opening edge of the oil supply hole (71a,
72a, 73a) so that a foreign substance is hardly accumulated
in the oil supply hole (71a, 72a, 73a). Thus, damage to be
done to the bearing (294, 295, 29¢) is more reliably reduced.

Moreover, the trailing edge of the oil discharge passage
(71¢, 72¢, 73¢) in the rotation direction is so long that a
foreign substance is easily discharged from the trailing edge
through the clearance. Thus, damage to be done to the
bearing surface is more reliably reduced.

Variations of Embodiments
First Variation

In the embodiment described above, the chamfered por-
tion (715, 72b, 73b) is formed at the opening edge of the oil
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supply hole (71a, 72a, 73a). As illustrated in FIG. 5A,
however, the chamfered portion (714, 72b, 73b) does not
have to be formed. Even if no chamfered portion (715, 725,
73b) is provided, a foreign substance in the oil supply hole
(71a, 72a, 73a) is still discharged through the oil discharge
passage (71c¢, 72¢, 73¢). Thus, damage to be done to the
bearing is still reduced effectively enough. The arrow in
FIG. SA indicates the rotation direction of the drive shaft
25).

Second Variation

In the embodiments shown in FIGS. 1 to 4, the oil
discharge passage (71¢, 72¢, 73c¢) is formed so that the line
segment (the center line) that connects together the oil
supply hole (71a, 72a, 73a) and the end portion of the oil
discharge passage (71¢, 72¢, 73¢), from which oil is dis-
charged, is parallel to the axial direction of the drive shaft
(23). However, the oil discharge passage (71c¢, 72¢, 73¢) also
be formed as illustrated in FIGS. 5B, 5C, and 5D. The
arrows in the FIGS. 5B, 5C, and 5D indicate the rotation
direction of the drive shaft (23).

In the examples shown in FIGS. 5B, 5C, and 5D, the oil
discharge passage (71¢, 72¢, 73c¢) is formed so that the line
segment (the center line) that connects together the oil
supply hole (71a, 72a, 73a) and the end portion from which
oil is discharged is tilted with respect to the axial direction
of the drive shaft (23). Also, the end portion of the oil
discharge passage (71¢, 72¢, 73¢), from which oil is dis-
charged, is located behind the oil supply hole (71a, 72a,73a)
with respect to the rotation direction of the drive shaft (23).
FIG. 5B illustrates an example in which the entire oil
discharge passage (71¢, 72¢, 73¢) is formed in a straight line.
FIG. 5C illustrates an example in which the oil discharge
passage (71c, 72¢, 73¢) is bent so that only the end portion
of the oil discharge passage (71¢, 72¢, 73¢), from which oil
is discharged, is parallel to the axial direction of the drive
shaft (23). FIG. 5D illustrates an example in which the oil
discharge passage (71¢, 72¢, 73¢) is curved so that only the
end portion of the oil discharge passage (71¢, 72¢, 73¢),
from which oil is discharged, is parallel to the axial direction
of the drive shaft (23).

In the examples illustrated in FIGS. 5B, 5C, and 5D, the
chamfered portion may be omitted.

If the oil discharge passage (71c¢, 72¢, 73c¢) is tilted in the
opposite direction to the rotation direction, a foreign sub-
stance is hardly left. Accordingly, the damage to be done to
the bearing surface is more reliably reduced.

Other Embodiments

The embodiment described above may also be modified to
have any of the following configurations.

In the embodiment described above, the present invention
is supposed to be applied to a scroll compressor. However,
the present invention may also be applied to a sliding portion
of a rotting piston compressor or a swing piston compressor.

In addition, the configurations of the oil supply hole (71a,
72a, 73a) and the oil discharge passage (71c, 72¢, 73¢)
mentioned in the foregoing description of embodiments or
variations are just examples. As long as the oil discharge
passage (71c, 72¢, 73¢) having a width narrower than the
diameter of the oil supply hole (71a, 724, 73a) is displaced
behind the oil supply hole (714, 724, 73a) with respect to the
rotation direction of the drive shaft (23) so as to communi-
cate with the oil supply hole (71a, 72a, 73a), the other
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specific configurations of the embodiments and variations
described above may be modified.

Furthermore, in the embodiment shown in FIGS. 1 and 2,
the first oil supply hole (71a) and the first oil discharge
passage (71c) are formed in the eccentric portion (25), the
second oil supply hole (72a) and the second oil discharge
passage (72¢) are formed in the main shaft portion (24), and
the third oil supply hole (73a) and the third oil discharge
passage (73¢) are formed in the lower main shaft portion
(26). However, the first oil supply hole (71a) may be omitted
from the eccentric portion (25). In that case, in the eccentric
portion (25), only the first oil discharge passage (71c¢) is
formed as a groove that supplies oil to the sliding surface of
the bearing (295), and a foreign substance and other sub-
stances are discharged through the first oil discharge passage
(71¢).

The embodiments described above are merely examples
in nature, and not intended to limit the scopes of the present
invention, application thereof, and usage thereof.

INDUSTRIAL APPLICABILITY

As can be seen from the foregoing, the present invention
is useful for a compressor including a compression mecha-
nism and a drive shaft configured to drive the compression
mechanism and having an oil supply hole which is opened
through its outer peripheral surface to supply oil to its own
bearing surface.

What is claimed is:

1. A compressor comprising:

a compression mechanism; and

a drive shaft arranged and configured to drive the com-
pression mechanism, the drive shaft having an oil
supply hole opened through an outer peripheral surface
of the drive shaft to supply oil to a bearing surface of
the drive shaft,

an oil discharge passage communicating with the oil
supply hole being formed by a flat surface or a recessed
surface at a portion of the outer peripheral surface of
the drive shaft,

a trailing edge of the oil discharge passage being dis-
placed behind a trailing edge of the oil supply hole with
respect to a rotation direction of the drive shaft, the
trailing edges of the oil discharge passage and the oil
supply hole being both located with respect to the
rotation direction of the drive shaft,

a leading edge of the oil discharge passage being dis-
placed behind a leading edge of the oil supply hole with
respect to the rotation direction of the drive shaft, the
leading edges of the oil discharge passage and the oil
supply hole being both located with respect to the
rotation direction of the drive shaft, and

the oil discharge passage being formed to have a width
that is less than or equal to a diameter of the oil supply
hole.

2. The compressor of claim 1, wherein

the oil discharge passage includes a first end portion
located closer to the oil supply hole and a second end
portion located opposite to the first end portion and
from which oil is discharged, and

a line segment connecting the first and second end por-
tions together is parallel to an axial direction of the
drive shaft.

3. The compressor of claim 2, wherein

the first end portion of the oil discharge passage, which is
located closer to the oil supply hole, extends beyond the
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oil supply hole in an opposite direction that goes away
from the second end portion from which the oil is
discharged.

4. The compressor of claim 3, wherein

the drive shaft is provided with a chamfered portion
gradually expanding from an opening edge of the oil
supply hole.

5. The compressor of claim 4, wherein

the trailing edge of the oil discharge passage is displaced
behind a trailing edge of the chamfered portion with
respect to the rotation direction of the drive shaft, the
trailing edges of the oil discharge passage and the
chamfered portion being both located with respect to
the rotation direction of the drive shaft.

6. The compressor of claim 2, wherein

the drive shaft is provided with a chamfered portion
gradually expanding from an opening edge of the oil
supply hole.

7. The compressor of claim 6, wherein

the trailing edge of the oil discharge passage is displaced
behind a trailing edge of the chamfered portion with
respect to the rotation direction of the drive shaft, the
trailing edges of the oil discharge passage and the
chamfered portion being both located with respect to
the rotation direction of the drive shaft.

8. The compressor of claim 1, wherein

the oil discharge passage includes a first end portion
located closer to the oil supply hole and a second end
portion which is located opposite to the first end portion
and from which oil is discharged, and

the oil discharge passage is tilted with respect to the axial
direction of the drive shaft and the second end portion
is located behind the first end portion with respect to the
rotation direction of the drive shaft.

9. The compressor of claim 8, wherein

the first end portion of the oil discharge passage, which is
located closer to the oil supply hole, extends beyond the
oil supply hole in an opposite direction that goes away
from the second end portion from which the oil is
discharged.

10. The compressor of claim 8, wherein

the drive shaft is provided with a chamfered portion
gradually expanding from an opening edge of the oil
supply hole.

11. The compressor of claim 10, wherein

the trailing edge of the oil discharge passage is displaced
behind a trailing edge of the chamfered portion with
respect to the rotation direction of the drive shaft, the
trailing edges of the oil discharge passage and the
chamfered portion being both located with respect to
the rotation direction of the drive shaft.

12. The compressor of claim 1, wherein

the drive shaft is provided with a chamfered portion
gradually expanding from an opening edge of the oil
supply hole.

13. The compressor of claim 12, wherein

the trailing edge of the oil discharge passage is displaced
behind a trailing edge of the chamfered portion with
respect to the rotation direction of the drive shaft, the
trailing edges of the oil discharge passage and the
chamfered portion being both located with respect to
the rotation direction of the drive shaft.
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14. The compressor of claim 1, wherein
the drive shaft extends vertically, and includes
a main shaft portion located in a middle of the shaft,
an eccentric portion located over the main shaft por-
tion, coupled to the compression mechanism, and
having a smaller diameter than the main shaft por-
tion, and
a lower main shaft portion located under the main shaft
portion,
the oil supply hole includes a first oil supply hole formed
in the eccentric portion, and
the oil discharge passage includes a first oil discharge
passage extending upward from the first oil supply hole
and having an open end portion.
15. The compressor of claim 1, wherein
the drive shaft extends vertically, and includes
a main shaft portion located in a middle of the shaft,
an eccentric portion located over the main shaft por-
tion, coupled to the compression mechanism, and
having a smaller diameter than the main shaft por-
tion, and
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a lower main shaft portion located under the main shaft
portion,
the oil supply hole includes a second oil supply hole
formed in the main shaft portion, and
the oil discharge passage includes a second oil discharge
passage extending upward from the second oil supply
hole and having an open end portion.
16. The compressor of claim 1, wherein
the drive shaft extends vertically, and includes
a main shaft portion located in a middle of the shaft,
an eccentric portion located over the main shaft por-
tion, coupled to the compression mechanism, and
having a smaller diameter than the main shaft por-
tion, and
a lower main shaft portion located under the main shaft
portion,
the oil supply hole includes a third oil supply hole formed
in the lower main shaft portion, and
the oil discharge passage includes a third oil discharge
passage extending downward from the third oil supply
hole and having an open end portion.

#* #* #* #* #*



